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(57) ABSTRACT 

The method for the representation of video and audio signals 
on a low-resolution display panel, which includes the steps 
of Scaling the video or audio frame to fit the display panel, 
quantization of the video or audio signals to predetermined 
level values, temporal representation of video data by using 
the pulse density modulation, sending the signal pulses to the 
display panel. In further aspect the step of temporal represen 
tation contains the anti-flickering signal manipulation tech 
nique incorporating maximization of separation of the pulses 
during the pulse density modulation. 
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METHOD AND APPARATUS FOR 
REPRESENTATION OF VIDEO AND AUDIO 

SIGNALS ON ALOW-RESOLUTION DISPLAY 

FIELD OF THE INVENTION 

The present invention relates to the control systems of the 
physical display panels. More particularly, it relates to the 
reproduction of the video and audio signals on a display 
panel. 

BACKGROUND OF THE INVENTION 

The low-resolution display panels such as Vacuum Fluo 
rescent Display, Light-Emitting Diode, Liquid Crystal Dis 
play and others are often used for visual representation of 
numeric data. The goal of current invention was to use the 
low-resolution displays for visual representation of gray 
scaled Video and audio signals. The main problem was how to 
reconcile the two-value states for each pixel on the low 
resolution display (only on or off) with requirements to 
represent the multiple-value gray-scaled data from video 
SOUCS. 

The current invention uses the so-called Pulse Density 
Modulation to represent gray-scaled video data on the low 
resolution display. The property of Pulse Density Modulation 
is that it conveys the data values by asserting the variable 
number of pulses in each fixed period of time. This charac 
teristic of Pulse Density Modulation is suitable to transmit the 
brightness value of each pixel due to the property of human 
eye to integrate binary (only on or off) brightness pulses 
over the time to perceive them as the gray-scaled pixels. 
The two-dimensional spatial Pulse Density Modulation 

was used in the prior art for halftoning image rendering sys 
tems for printing color and gray-scaled documents. The cur 
rent invention uses temporal Pulse Density Modulation tech 
nique to represent changing-in-time signals. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a method 
and an apparatus for the reproduction of the video and audio 
signals on a low-resolution display panel. 

Unlike prior art methods the method of invention repre 
sents the low-resolution frame buffer on a display panel by 
using the one-dimensional temporal pulse density modula 
tion technique. 

According to the method of the invention, the video or 
audio frames are scaled to fit the low-resolution display panel, 
signal values are quantized to the predetermined level values, 
these values are modulated in time using the pulse density 
modulation technique, and pulses are sent to the display 
panel. 

In further development, for the video signals the quantized 
values are altered during modulation in the way that after 
modulation the biggest temporal distance separates each two 
consecutive pulses. This property allows avoiding an appear 
ance of flickering on the display panel in most cases. To 
achieve the effect, the pulses’ count is incremented Starting 
from the most significant bit and going further to the least 
significant bit. 
An apparatus implementing the proposed method includes 

the following parts: a Video Signal Modulator, an Audio 
Signal Transformer, and Display Buffer. The Video Signal 
Modulator consists of Input Video Buffer, Video Processor, 
Output Video Frame Buffer, and Pulse Density Modulator. 
The Audio Signal Transformer contains Audio Processor, 
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2 
Audio Frame Buffer, and Audio Signal Modulator. The Video 
Signal Modulator has also control logic to perform the anti 
flickering processing of signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows the Video and Audio Signals Reproducer. 
FIG. 2 describes details of the Video Signal Modulator. 
FIG. 3 clarifies the Pulse Density Modulation implemen 

tation. 
FIG. 4 shows details of the Audio Signal Transformer. 

DETAILED DESCRIPTION OF THE INVENTION 

The invention is applicable to the reproduction of the video 
and audio signals on the low-resolution display panel. 

FIG. 1 describes a Video and Audio Signals Reproducer. 
The Reproducer has 2 data inputs: Video Input and Audio 
Input and 1 data output: Display Buffer Output. It consists of 
following parts: Video Signal Modulator, Audio Signal 
Transformer, and Output Display Buffer. The Reproducer 
may also have several input and output control signals (not 
shown here). 

FIG. 2 shows details of the Video Signal Modulator. It 
receives Video Input data and temporally stores data in the 
Video Input Buffer. The data are going to the Video Processor, 
which scales it down vertically and horizontally to fit the 
low-resolution display panel. The Video Input Buffer is 
required due to necessity to perform the vertical Scaling. 
The Video Processor may also quantize the video data to 

decrease number of bits representing the digital values. In a 
preferred embodiment, when the Video Input Data does not 
include the luma component, the Video Processor may per 
form a color space conversion to obtain data for display. 

Output from the Video Processor is the scaled down quan 
tized video data representing the luma component of the 
Video signal. These data are arranged in the form of an Output 
Video Frame Buffer. 
The current invention reconciles the multiple-value data 

from the Output Video Frame Buffer with the requirements 
for the binary data (only on or off) inside Display Buffer, 
which drives the low-resolution Display Panel. Physically in 
Some designs, such as Vacuum Fluorescent Display, the Dis 
play Buffer can be part of the Display Panel. 
The invention uses the so-called Pulse Density Modulation 

to solvementioned discrepancy. The Pulse Density Modula 
tion conveys the numerical values by asserting the variable 
number of pulses in each fixed period of time. This property 
of Pulse Density Modulation is used to transmit the bright 
ness value of each pixel due to the capacity of human eye to 
integrate binary (on or off) brightness pulses over the time 
to perceive them as the gray-scaled pixels. 

FIG.3 describes the Pulse Density Modulation implemen 
tation. As an example, it is shown the modulation of signals 
with eight possible distinct values. The period of Pulse Den 
sity Modulation is equal to eight to represent the signal values 
varying from 0 to 7. The set of one on pulse and seven off 
pulses represents the Zero value, and the set of eight con 
secutive on pulses represents the highest seven value. The 
set of eight consecutive off pulses is not used in this example 
otherwise up to nine possible distinct values can be repre 
sented with the period equal to eight. The eight positive 
numbers varying from 0 to 7 can be easily expressed by 
three-bit values. 
The FIG. 3 shows two possible implementations of afore 

mentioned modulation. The first one is a direct implementa 
tion where three-bit count traditionally goes 000, 001, 
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010, 011, 100 and so on. This implementation creates an 
annoying visual artifact named “flickering. To decrease the 
flickering artifact the second implementation numbers the 
pulses unconventionally, starting from the most significant 
bit. Thus, for the eight-level values represented by three bits 
the count goes '000', '100', '010, 110,001 and so on. 

If signal values have 6 bits then the period of Pulse Density 
Modulation equal to 64 is used to represent the values. There 
fore, in order to transmit the NTSC signal with a refresh rate 
60 fields per second the Display Panel is refreshed with fre 
quency 64x60–3840 frames per second or approximately 4 
KHZ. 

FIG. 4 describes the Audio Signal Transformer. It receives 
Audio Input data, which are processed by an Audio Processor. 
The Audio Processor decimates the audio data samples, quan 
tizes them, and possible transforms them into the logarithmic 
scale for the simplicity of perceiving. The transformed audio 
data samples are written as well into Display Buffer, which 
drives the low-resolution Display Panel. The Audio Processor 
may separates Audio Data into the left and the right channels, 
which then are shown on the Display Panel separately. 

While a preferred embodiment of the present invention has 
been shown and described by way of example only, it will be 
apparent to those skilled in the art that changes and modifi 
cations may be made without departing from the scope of the 
invention, as set out in the appended claims. 
We claim: 
1. A method for modulation of a video signal for display on 

a low-resolution display, the method comprising: 
Scaling the video signal to fit the low-resolution display; 
quantizing the video signal to predetermined level values; 
generating a pulse density modulated representation of the 

Scaled and quantized video signal; 
altering the scaled and quantized video signal to result in an 

increased temporal distance between each two consecu 
tive pulses in the pulse density modulated representation 
to decrease flickering; and 

sending the pulse density modulated representation of the 
Scaled and quantized video signal directly to a display 
buffer for output of the pulse density modulated repre 
sentation of the scaled and quantized video signal to the 
low-resolution display. 

2. The method of claim 1, wherein the low-resolution dis 
play is a gray-scale display. 

3. The method of claim 1, wherein the generating further 
comprises generating a binary number for each luma in the 
scaled and quantized video signal, wherein each binary num 
ber is generated by incrementing a most significant bit of the 
binary number before incrementing a least significant bit of 
the binary number to reduce flickering at the low-resolution 
display. 

4. The method of claim 1 further comprising: 
receiving an audio data signal; 
decimating the audio data signal; 
quantizing the audio data signal; 
transforming the decimated and quantized audio data Sig 

nal into a logarithmic scale; and 
sending the transformed audio data signal directly to the 

display buffer for output of the transformed audio data 
signal to the low-resolution display. 

5. The method of claim 4, wherein the display buffer out 
puts one data signal to the low-resolution display, the data 
signal including the video signal representation and the trans 
formed audio data signal. 

6. The method of claim 4, further comprising displaying 
the video signal representation and the transformed audio 
data signal on the low-resolution display simultaneously. 
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4 
7. The method of claim 1, wherein the pulse density modu 

lated representation of the scaled and quantized video signal 
corresponds to brightness values of pixels of the low-resolu 
tion display for a given period of time. 

8. The method of claim 7, wherein the brightness values for 
the pixels of the low-resolution display are set according to a 
number of pulses transmitted within the given period of time 
to the pixels as defined by the pulse density modulated rep 
resentation of the scaled and quantized video signal. 

9. The method of claim8, wherein the pulse density modu 
lated representation of the scaled and quantized video signal 
includes pulses distributed in the given time period to 
decrease flickering for each of the pixels of the low-resolution 
display. 

10. The method of claim 1, further comprising adjusting 
each pixel of the low-resolution display to a corresponding 
brightness value based on the pulse density modulated repre 
sentation of the scaled and quantized video signal to generate 
a gray-scaled version of the video signal on the low-resolu 
tion display. 

11. A video signal modulator comprising: 
a video processor configured to: 

Scale a video signal to fit a low-resolution display to 
generate a scale video signal; and 

quantize the scaled video signal to decrease the number 
of bits representing digital values of the scaled video 
signal to generate a scaled and quantized video signal; 
and 

a pulse density modulator configured to modulate the 
scaled and quantized video signal to generate a pulse 
density modulated video signal representation of the 
Scaled and quantized video signal having an increased 
separation between consecutive pulses in the pulse den 
sity modulatedvideo signal to mitigate flickering; 

an audieo signal transformer configured to transform and 
output a transformed audio data signal to the low-reso 
lution display. 

12. The video signal modulator of claim 11, wherein the 
low-resolution display is a gray-scale display. 

13. A system comprising the video signal modulator of 
claim 11, the system further comprising: 

a display buffer configured to: 
receive and store the pulse density modulated video 

signal and the transformed audio data signal; and 
output the pulse density modulated video signal and the 

transformed audio data signal to the low-resolution 
display. 

14. A video and audio signal reproducer, the reproducer 
comprising: 

a video signal modulator configured to Scale a video signal 
to fit a low-resolution display, quantize the video signal 
to predetermined level values and generate a pulse den 
sity modulated representation of the scaled and quan 
tized video signal having an increased temporal distance 
between each two consecutive pulses in the pulse den 
sity modulated representation to mitigate flickering; 

an audio signal transformer configured to transform a the 
decimated and quantized audio data signal into a loga 
rithmic scale and generate a transformed audio signal; 

a display buffer configured to: 
receive and store the pulse density modulated video 

signal and the transformed audio signal; and 
output the pulse density modulated video signal repre 

sentation and the transformed audio signal to the low 
resolution display. 
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15. The reproducer of claim 14, wherein the audio signal 
transformer further comprises an audio processor configured 
to separate the transformed audio signal into left and right 
channel audio signals. 

16. The reproducer of claim 15, wherein the left and right 5 
channel audio signals are displayed separately on the low 
resolution display. 
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